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(57) ABSTRACT

A method for the non-destructive inspection of a part made
from an organic-matrix composite material (CMO) includes
the steps of: a) carrying out a surface inspection of the part by
Fourier transform infrared spectroscopy (FTIS), b) if step a)
reveals a defect, carrying out in-depth inspections of the
organic-matrix composite material according to two comple-
mentary ultrasound techniques.

7 Claims, 1 Drawing Sheet

x.

Measurement
Surface waves

Measurement
Impedance

H
H

§ -(Kﬁalysls > threshold”™
N2~

Truthtable
FTS->1%affected ply

TialysTs
alculation / margin
= e ot.not.

Truth table
-> internal damage

_____________

Necessary repair §
FIS -> AQG



US 9,274,002 B2

Mar. 1, 2016

U.S. Patent

Ayuomite <-Si4

DOV <-Sld

DOV <-Sid
Jedas A1essadoN — by
abewep jeussiul <~
g o e o o e o _—~GE
5 sjqe: yinip
M “Jou o e dey <= S[H;
; uibiew / uorienojed
i L sishjeuy i 1
M #
H
3 Ald paaye | <-S14|
£ S[qe; yinig i
£ N §
H H
e ety e ere ek ot ser G wm wen v of
SOA \ S9N
\\\\\XmUZfs;ef_‘.,.!. s\ss\.\ \\NUZ!;.;..;!,{:

7 Ploysaiy} < siskjeuy o hasssssscsssnsnss DJOYSRIY]L < SISA|RUY >
ON ;\W\:x; " ON ON e, \\«N\

2 | h ] e

s5uepadul] S9ABM ddeLNS
JUSWIaINSeay UBWBINS BRI
w m %
14

uedsox3 / SV Hedat A1essadoN [ £l
8 hw LLpue
W4 £q Buiuoz
yoN=dNa [ H
SOA
\\\\\
- Bulpad
61 o
(Buippoid Aip) 11 9sa) dej
jured jo Buippdigd W4 ‘Jeisewpuogi—§
JNd E»mvcmum
s wopkp |
T UON yum dnueapd
xh.fm_oﬁmfu < m_m>_m£,\\uv§§
f\f — o ON
Ll M
uoqied / OEEY * |
juted / 08EY © |«
uedsoxy -S4l ~~"~G|L




US 9,274,002 B2

1
METHOD FOR THE NON-DESTRUCTIVE
INSPECTION OF AN ORGANIC-MATRIX
COMPOSITE MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/FR2012/052217, filed on Oct. 1,2012, which
claims the benefit of FR 11/03022, filed on Oct. 5, 2011. The
disclosures of the above applications are incorporated herein
by reference.

FIELD

The present disclosure relates to a method of non-destruc-
tive inspection (hereinafter, NDI) of an organic-matrix com-
posite material.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may not
constitute prior art.

Organic-matrix composite materials can be particularly
used in the field of aeronautics, and more particularly within
apropulsion group comprising a nacelle and, inside the latter,
a turbojet.

A particular use of an organic-matrix composite material
(hereinafter, OMC) is the production of an internal fixed
structure (hereinafter, IFS) designed for careening the turbo-
jet and for defining the secondary flow vein (also known as
cold airflow vein) of the turbojet.

Such IFS is subject to very high temperatures on the side of
the turbojet, which can eventually lead to deterioration of the
OMC by physicochemical aging. Detection of this deteriora-
tion should be accomplished as quickly and as simply as
possible during maintenance operations.

SUMMARY

The present disclosure is to provide a more reliable and
easy to implement method for non-destructively inspecting
an OMC part which could be particularly used within an
aircraft propulsion system.
The present disclosure provides an NDI method of an
OMC part, comprising the steps of:
a) carrying out a surface inspection of this part by infrared
Fourier transform spectroscopy (IFTS);

if step a) reveals a defect, carrying out in depth inspection
of said material according to two complementary ultra-
sound techniques.

The IFTS surface inspection is easy to implement, and the
method according to the present disclosure makes it possible
to easily distinguish between favorable instances where no
additional inspection is required, and those where more in
depth inspection by means of ultrasound techniques is
required to remove all doubt (hereinafter, RAD).

For the latter instances, using two complementary ultra-
sound techniques makes it possible to obtain improvement in
reliability and reproducibility of the method.

According to other features of the method in accordance
with the present disclosure, which may be taken singly or in
combination:

to implement step a), an average of several IFTS spectra

obtained in the examined area is carried out to then move
to step b) when the analysis of peaks featuring the physi-
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2

cochemical aging exceeds at least a predetermined, so-
called non-conformity threshold, taking into account the
paint thickness measurement of the part when the latter
is painted;

to implement step b), the results of the measurements given

by each ultrasound technique are collected, and when at
least one of these results exceeds a predetermined, so-
called non-conformity threshold, it is decided that the
part needs to be repaired; such a threshold is defined
from decision-support truth tables, the latter being built
during development testing;

the measurements given by each ultrasound technique with

a visual analysis based on comparative colorimetric of
concerned areas are completed;

one of the two ultrasound techniques consists is a measure-

ment of acoustic energy transmitted by surface waves on
the examined area, and the other of the two ultrasound
techniques is a measurement of electromechanical
impedance of said area of the material;

said ultrasound measurements are carried out after a nor-

malization step of said area: this normalization step
makes it possible to calibrate the measurements;
prior to step b), a pickling of the paint layer covering the
surface of said part is carried out: this step, only appli-
cable when the part to be inspected is covered with paint,
is necessary to implement the ultrasound measurements
of step b);

surface inspection is accompanied with infrared Fourier
transform spectroscopy by measuring paint thickness
when the part is painted.

The present disclosure is particularly intended for an NDI
of'a piece of an aircraft propulsion group such as an internal
fixed structure (IFS) of an aircraft turbojet nacelle.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way of
example, reference being made to the accompanying draw-
ing, in which:

FIG. 1 represents a part to be inspected.

The drawing described herein is for illustration purposes
only and are not intended to limit the scope of the present
disclosure in any way.

DETAILED DESCRIPTION

The following description is merely exemplary in nature
and is not intended to limit the present disclosure, application,
oruses. It should be understood that throughout the drawings,
corresponding reference numerals indicate like or corre-
sponding parts and features.

In the chosen example, the part 1 is an IFS, that is, a part
designed to careen an aircraft turbojet, comprising at its inter-
nal side, that is, on the surface thereof facing the turbojet, a
heat insulating layer 3.

In an area 5 of the IFS, the heat insulating layer 3 has been
partially cut away, thereby exposing the composite material
forming this IFS.

In the context of the presents present disclosure, the com-
posite material is an organic matrix composite (OMC), that is,
a composite material formed of a stack of plies each obtained
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by polymerization of an organic resin (a BNI type resin for
example), this resin enclosing, for instance, carbon fibers.

In the example illustrated, area 5 in which the heat insulat-
ing layer 3 has been partially cut away, is the OMC material
to be inspected.

In fact, this material is subject to very high temperatures,
that may lead to defects like OMC deterioration by physico-
chemical aging and it is important to periodically test the
aging thereof.

At first, the area 5 is cleaned up with a dry cloth (step 7), in
order to remove grease and other polluting particles.

Then, a standard DNC is performed (step 9) typically com-
prising a gluing test, with a Bondmaster (ultrasounds machine
specific to this use, available from Olympus) and a Tap Test,
that is, a hammer based acoustic test, making it possible to
detect potential areas of peeling of the OMC.

If the DNC of step 9 is positive, in step 11 the size of the
defected area is determined.

Atthe end of all these measurements, the magnitude of the
necessary repairs for the IFS is known, given that the aircraft
will not be able to fly as long as the necessary repairs are not
carried out (the initials AOG on the scheme attached hereto
refer to “Airplane On Ground”, meaning that the aircraft
cannot fly).

If with the standard tests carried out in step 9 it is not
possible to spot a clear peeling of the OMC, then it is pro-
ceeded to step 15, in which a surface inspection of the area 5
of the OMC is carried out, by means of an infrared Fourier
transform spectroscopy (IFTS) apparatus.

Such apparatus is available from A2 TECHNOLOGIES
under brand name EXOSCAN.

This handheld apparatus has the form of a pistol that is
swept over area 5.

This apparatus makes it possible to measure, over surfaces
of'about 2 mm*2 mm, the absorbance of infrared rays within
a wavelength range of 4000 to 500 cm-1.

The absorbance variations of infrared rays reveal the OMC
surface defects.

More specifically, several measurement series are carried
out by means of the IFTS apparatus in the area 5, then, the
obtained spectra are averaged before their utilization.

When the analysis of the peaks featuring the physico-
chemical aging (determined by the development testing) is
lower than a non-conformity threshold NC1 (step 17), pro-
vided consistency with the paint thickness measurement
when the part is painted, the OMC is considered free from
surface defects, and it is not necessary to carry out further
investigations: the conclusion is that the IFS is airworthy (step
18).

‘When on the contrary, this predetermined threshold NC1 is
exceeded, it should be considered that in depth measurements
of the OMC need to be carried out in order to characterize,
accurately, the nature of the defect.

It should be noted that the internal surface of the IFS 1 may
be painted, as is the case with the Airbus A380, or may be
exposed, as is the case for instance with the Airbus A330.

When the internal surface of the IFS 1 is painted, it is
necessary to perform a dry pickling of the paint layer before
any further complementary measures, as is shown in FIG. 19.

This is done in order to avoid interference of the paint, the
layer of which typically measures about 40 to 80 microns,
with the ultrasound measures that will be detailed below.

As it is obvious on the scheme attached hereto, two series
of distinct and complementary ultrasound measurements are
carried out in parallel.

At the first ultrasound measurement 21, ultrasound waves
are projected onto the surface of the examined area 5 with a
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4

certain incidence angle and to thereby generate surface waves
so that the energy transmitted by the OMC between the emit-
ter and the receiver is then measured.

More precisely, the surface of the area 5 to be examined is
solicited mechanically by means of two transducers, namely
an emitter (subjected to oscillatory voltage), and a (passive)
receiver.

Practically, the transducers are placed symmetrically rela-
tive to a plan normal to the area 5 to be examined, and the
amplitude of the ultrasound wave transmitted by the surface
waves is measured.

The pair emitter/receiver is displaced around the defected
area.

When the measured amounts do not exceed a predeter-
mined non-conformity threshold NC2 (step 23), it is con-
cluded that the test is positive, that is, the OMC exhibits in
depth damage.

This first ultrasound measurement series make it possible
to characterize the presence of in depth damage in the OMC,
when the threshold NC2 is exceeded.

At the second ultrasound measurement series 25, the elec-
tromechanical impedance of the examined area 5 of the OMC
is determined.

The relationship between the intensity passing through this
transducer and the voltage to which it is submitted makes it
possible to deduct the electromechanical impedance sought.

Then, the impedance resulting from this ultrasound mea-
surement is compared to a conformity threshold NC3 (step
27).

Typically, the examined area 5 is solicited by means of
wave trains the frequency of which ranges between 3 and 7
megahertz.

More precisely, the test logic, according to the results
obtained by each of the ultrasound measurement series afore-
mentioned, is the following, being noted that the solid and
dotted lines connecting steps 23 and 27 to steps 29 and 39 set
no hierarchy between the different possible options: different
lines were only used for the sake of clarity.

When the measurements 21 and 25 lead to negative results,
in other words, when these measurements remain lower than
the thresholds NC2 and NC3, respectively, it is deduced that
the OMC is only superficially affected: only the surface ply of
the composite is damaged (step 29).

In this case, it may be decided or not to have the IFS
repaired (step 31), and therefore to keep the aircraft grounded
or not.

This decision depends on other external parameters, such
as technical parameters (level of mechanical stress on the area
concerned) and financial ones especially related to the
remaining life span of the IFS, and these parameters will not
be detailed herein.

On the other hand, when at least one of these two measure-
ment series 21, 25 yields a positive testing, it can be deduced
that the OMC exhibits internal damage, and that it is therefore
necessary to repair the IFS, thus, grounding the aircraft.

More precisely, a situation 39 may be faced where only one
of the ultrasound tests 21, 25 is positive, which means that
there are actually two positive DNCs, namely, the IFTS test
and the wave surface ultrasound test, leading to a grounding
of'the aircraft (step 41).

Or the two ultrasound tests 21, 25 are positive which means
that there are three positive non-destructive tests (step 39: the
IFTS test+the two ultrasound tests 21, 25), leading to the
repair of the IFS, and therefore the grounding of the aircraft.

The evaluation of the deterioration level of the OMC is
made thanks to the truth tables (decision support) which have
been established by correlation with the development tests.
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As it is understood from the reading of the preceding
description, the process according to the present disclosure
makes it possible to rapidly and highly reliably detect the
deterioration of the material by physicochemical aging on the
surface and inside a part made of OMC.

This process makes it possible to set a reproducible and
rational operational mode, in which visual and acoustic stan-
dard tests are started withy, followed, if need be, by surface
measurements carried out very rapidly by means of an IFTS
apparatus, these being followed, if need be, by further ultra-
sound-based measurements.

Each step is only implemented once the precedent step
indicates the necessity to proceed, thus preventing the opera-
tor from carrying out unnecessary measurements.

This process according to the present disclosure makes it
possible to gradually characterize the detected defects, start-
ing at first by surface defects, then, by analyzing the internal
structure of the OMC.

The process according to the present disclosure will be
easily implemented by operators in charge of the mainte-
nance of aircraft propulsion systems, either during routine
checkups, or during specific checkups subsequent to detected
incidents.

The present disclosure is in no way limited to the form
described and illustrated, given as a way of example.

What is claimed is:

1. A non-destructive inspection method of an area of an
organic-matrix composite material (OMC) part, comprising
the steps of:

a) carrying out a surface inspection of said area of the part

by means of an infrared Fourier transform spectroscopy
(IFTS);
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b) if step a) reveals a defect, carrying out in depth inspec-
tions of said organic-matrix composite material accord-
ing to two different ultrasound techniques.

2. The non-destructive inspection method according to
claim 1, wherein for an implementation of step a), several
spectra performed in the area inspected are averaged, and
when analyzed peaks characterizing a physicochemical aging
exceed a predetermined non-conformity threshold (NC1),
step b) is carried out.

3. The non-destructive inspection method according to
claim 1, wherein, for an implementation of step b), measure-
ment results given by each ultrasound technique are col-
lected, and when at least one of said measurement results
exceeds a predetermined non-conformity threshold (NC2,
NC3), determining that the area needs to be repaired.

4. The non-destructive inspection method according to
claim 3, wherein the measurement results given by each ultra-
sound technique are completed with a visual analysis based
on a comparative colorimetry of the area inspected.

5. The non-destructive inspection method according to
claim 1, wherein one of the two ultrasound techniques is a
measure of an acoustic energy transmitted by surface waves
on the area inspected, and the other one of the two ultrasound
techniques is a measure of an electromechanical impedance
of said area of the organic-matrix composite material.

6. The non-destructive inspection method according to
claim 1, wherein, prior to step b), a pickling of a paint cover-
ing a surface of said area is carried out.

7. The non-destructive inspection method according to
claim 1, wherein, the infrared Fourier transform spectroscopy
(IFTS) is accompanied by a measure of paint thickness when
said area is painted.



